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RESEARCH MEMORANDUM

FLIGHT INVESTIGATION OF A SUPERSONIC PROFPELLER
ON A PROPELLER RESEARCH VEHICLE AT MACH
NUMBERS TO 1.01

By Jerome B. Hammack, Max C. KurbJjun,
and Thomas C. O'Bryan

STMMARY

A description is given of an NACA propeller research vehicle, the
McDonnell XF-88B airplane, capable of testing governing propellers up to
and slightly above Mach numbers of 1.0. Altitudes up to 40,000 feet are
attainable. Propellers up to 10 feet 1In diameter cen be tested with a
maximum power input of 2,500 brake horsepower at two rotational speeds.
The airplane 1s instrumented to obtain adrodynamic and structural data.

Results are given of a flight investigation made with this wehicle
to determine the aerodynamic characteristics of a supersonic propeller
at speeds up to a flight Mach number of 1.01l. The propeller was designed
for a flight lMach nunber of 0.95, an advance ratio of 2.2, and a power
coefficient of 0.22. At the design flight Mach number of 0.95, the pro-
peller efficiency was messured to be T9 percent. At the maximum obtained
Mach number of 1.01, the efficiency was 78 percent. Thrust distribubtions
obtained by the use of a slipstream survey rake were of a uniform nature
and showed no discontinuity typical of subsonic propellers when operated
under conditions which produce sonlec local conditions. TIdmited theoretical
caleulations of efficiency indicate good agreement with the test results.

INTRODUCTION

Several years ago the National Advisory Committee for Aeronautiecs
realized there was a need for providing continuous research on propel-
lers designed for high efficiency for sirplanes of maximum range at
speeds up to Mach number 1.0. These propellers would be utilized on
airplanes on which range and efficiency of operation were paramount,
such as long-range strategic bombers, tankers, long-renge assault trans-
ports, maximum-endurance tactical-fighter bombers, and passenger trans-
ports. In order to study the problem as a whole, including operation
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under installation conditions with a turbopropeller engine providing the
driving power, a propeller flight-research program was planned. The air-
plane chosen for this study was a McDonnell XF-88 turbojet airplane. The
research progrem is a JjoInt Air Force-Navy-NACA effort. The airplene and
continuing propeller research equipment are supplied by the U. S. Air
Force. The Department of the Navy supplies the turbojet and turboprop
engines. The research program and its executlion are the responsibility
of the NACA.

The planned propeller resesrch program in which the XF-88B propel-
ler research airplane is used is composed of several phases and is an
outgrowth of a comprehensive study of conditions affecting propellers
operating at transonic speeds for purposes of maximum range. These con-
ditions ineclude both structural and aerodynamic factors. Some of the
phases planned for investigation are tests of propellers designed for
flight Mach numbers around 0.9 and an advance ratio around 2.0, tests
to study the effects of variation in blade root thickness ratio, tests
to study the effect of blade shock inkerference, and tests to study
effects of variation in design advance ratio. Early in the preliminary
phases of the research program it was considered desirable to investi-
gate first the effects of changes in the design advance retlo upon pro-
peller efficlency and power absorption. Consequently, the first pro-
peller of the investigation is a supersonic propeller having an advance
ratio of 2.2; the preliminary results of tests with this propeller are
presented in references 1 and 2. The primery aerodynemic results of the
flight investigation of the advance-ratio-2.2 supersonic propeller are
presented herein together with a description of the wvehicle.

SYMBOLS

A area of propeller disk, sq ft
b blade 'chord, ft

specific heat at constant pressure, 6,006 ft-1b/slugs/°F

¢p

¢y section 1ift coefficient *
cq blade section drag coefficient

cd,f section friction drag coefficient

q,i section induced drag coefficient

y
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propeller power coefficient, P/pn5D5
propeller thrust coefficient, T/pn2D*

propeller-thrust-coefficient correction due to slipstream
rotation

propelier diameter, ft

acceleration due to gravity, 32.2 ft/sec2
blade thickness, Tt

total pressure, lb/sq £t

propeller advance ratio, V/hD

lift-drag ratio

free-stream Mach number

propeller rotational speed, rps

static pressure, lb/sq £t

power, ft-1b/sec

redius of an element on blade from center line of rotation, £t

radisl dimension to survey measurement, ft

gas constant, 53.3
free-stream static temperature, ©F abs
thrust, 1b

velocity, f£t/sec

v xg = 2rg/D

o7

B

angle of attack of blade section, deg

blade angle, deg
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¥ ratio of specific heats

yar:y total-pressure rise in slipstream, lb/sq It

JA'S) stagnation-temperature rise in propeller slipstream, OF
! propeller efficlency

o] density of air, slugs/cu 't

¢ angle of advance, tan-1 J/ﬂx, deg

") angzle of rotation of slipstream, deg

Subscripts:

A local conditions

a free-stream conditions

t propeller tip condition

APPARATUS

The Propeller Research Vehicle

Skown in figure 1 is a view of the McDonnell XF-88B propeller research
vehicle. This airplane is able to fly at Mach numbers in excess of 0.9
in level flight and is ceapable of exceeding Mach number 1.0 in dives.

General characteristics.- The general characteristics of the pro-
peller research vehicle are as follows:

S T < A i e I
Tength, £6 « o+ o o+ ¢ o o « o « o o« s s o s o s s s o o« s « 1 a0+ 58
Wing area, sg £t . . « . . . e 6 s t % 4 s e e e we e s e 350
Sweepback at quarter chord, deg « t e a4 s s s e w e s e s s e oae
Wing aspect ratio « v ¢ ¢ ¢« 4 4 6t 4 e e 4 b e e e e s e e e o« k. 49
Welght (approximately, depending upon propeller

configuration), ID « « « + o « ¢ = 4 ¢ o e 2 s s e e . . o . . 22,000

Fuel capacity, 1B « ¢ & ¢« ¢ ¢ ¢ v 4« ¢« s o o ¢ 2 ¢« = o« s e s« .« 3,55
Flight endurance time (approximately), min . . . . . . .« o . L5
Main power plant . . . . . Two Westinghouse J34-WE- 3& plus aefterburners
Proveller power plant . . . .« « + « . Allison XT38-A-5 turboprop
Turbojet thrust at take-off (two englnes), ID ¢ v e e s .. . . 6,600
Turboprop power at sea level, sh c e s e o s e s s s e s s s s 24500
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Propeller rotational speeds available at 100-percent
engine speed, TPM « « « o+ « « « « s o = s « o« « + « « 1,700 and 3,600
Maximum propeller diasmeter available for test, £f£ . . « =« « « « « . 10

Propeller drive system.- The engine that drives the test propellers
is an Allison XT38-A-5 turboprop engine which hes the commereial designa-
tion of Model 501-Fl. This basic power plant and later versions are used
in several present-day eirplanes. The power section includes a single-~
entry multistage axial-flow compressor, a set of eight combustion chambers,
end a four-staege turbine. The special gearbox provides two propeller
rotational speeds of 1,700 rpm and 3,600 rpm at a power section rotational
speed of 14,300 rpm. Either of these propeller rotational speeds can be
made avallable by selection of gear sets during the gearbox assembly.
Figure 2 shows the power section and this specisl gearbox. The gearbox
weighs 445 pounds in the 1,700 rpm assembly and 350 pounds in the 3,600 rpm
assembly; the difference in weight is caused by the elimination of the
planetary system in the gearbox used for a speed of 3,600 rpm.

The propeller hub assemblies to which the resesrch blades are fitted
are electrically controlled. The hub provides for a rate-of-pitch change
of a meximum of 2° per second with a range from flat piteh to Ffeather.
The selection of these assemblies was based on the following main factors:
(1) maximum available blade retention capacity to provide maximum latitude
in blade design; (2) maximum blade-twisting-moment capacity to provide
meximum latitude in blade design; (3) minimum hub diameter; and (4) ade-
quate hub reer extension to provide space for a spinner thrust isolation
bearing between the pitch controls and gearbox. These factors are out-
lined in reference 3. The design strengths of the propeller hubs are
ocutlined in reference k4.

The signels supplied to the electric motor that change the blade
pitch are furnished by an electronic governor. Details of the electronic
governor are oublined in reference 3, as mentioned previously. Various
time constants have been provided to be used with the electronic governor;
the time constant used depends on the propelier being tested. These time
constants refer to the response of the blades to the change in rotationeal
speed.

Test Propeller

Aerodynamic and structural considerations underlying supersonic pro-
peller design are outlined in several reports, for Instance, references 5,
6, and 7. The supersonic propeller of this investigation is designed for
a forward Mach number of 0.95 and a power coefficient of 0.22. Since the
propeller is a supersonic type, it is designed for optimum profile effi-
ciency and the design advance ratio (2.2) is such that the propeller
operates at an optimum advance angle in keeping with the fact that profile
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efficiency is a maximum at an angle of advance of about 450. This design
procedure produces higher rotational speeds than those of conventional
propeller design and requires low thickness ratlos, as low as is con-
sistent with structural integrity.

The supersonic propeller is a model of the Aeroproducts l2-foot-
diameter propeller that was designed to absorb 7,500 horsepower in its
full-scale version. The propeller is .a three-blade configuration with
a T.2-foot diameter. The blades were fabricated from solld steel having
an ultimate tensile strength of 180,000 pounds per square inch. The pro-
peller has NACA 16-series symmetrical airfoil sections with a tapered
plan forrm from 1ll.l-inch root chord to an 8.4-inch tip chord. The thick-
ness ratio varies from 6 percent at the spimmer juncture to 2 percent at
the tip. The blade-form curves are shown in figure 3. The vibratory
bending end torsional characteristics of this propeller were glven in
reference 1. The propeller was tested in conjunction with a 41° conical
spinner which was sealed at the base but open at the blade juncture, as
shown in figure 1.

INSTRIMENTATION AND DATA REDUCTION

The XF-88B airplane is instrumented to gather aerodynamic and struc-
tural informetion concerning the propeller undergoing investigation.
Quantities measured produce the following information: Power, thrust,
propelier efficiency, root blede angles, bending stresses, steady and
vibratory, torsion stresses, steady end vibratory, and rotational speed.
Along with this, certain measurements of general information are recorded,
such as airspeed, Mach number, free-air temperature, throttle and gov-
ernor control position, altitude, normal accelerstion and longitudinal
acceleration. A schematic drawing showing the instrumentation is pre-
sented in figure L.

Power Measurements

The power input to the propeller gearbox is measured by an Allison
torquemeter. A cuteway drawing of this torgquemeter is shown in figure 5.
The torquemeter was originally designed es a commercial unit for a
k,000-horsepover turbine engine. Although adequate for the original
intent the unit required extensive modification before it was suitable
as a research tool on the XF-88B propeller reseerch airplane. A complete
description of the modified torguemeter unit is contained in appendix A.
Power is considered to be accurate to *20 horsepower or a ACp of 0.003

at 30,000 feet.
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Thrust

Propeller thrust is measured by a slipstream survey rake In a manner
described in reference 8. Incremental or section values may be used
directly or, if total thrust is desired, integrated from the fuselage
surface to the rake station showing zero incremental thrust. The survey
rake used on the XF-88B propeller research airplane is shown in figure 6
and detsils of a probe are shown in figure 7. This probe measures total-
pressure rise and static pressure. The reference total-pressure tube is
at the extreme end of the survey rake out of the influence of the pro-
peller slipstream. Recording manometers register the difference in total-
pressure rise between each probe and the reference probe. This total-
pressure rise is = function of propeller thrust.

Incremental thrust was determined from measurements of total-pressure
rise in the slipstream in conjunction with free-stream conditions. From
reference 8 the equation for thrust is

] 1/2 1/2—
ar = 7o, @%)2/7 e - Pm2/7) - (857 - 277 aa (1)
(027 - 2?17 )1/2
: i

Under conditions of survey covered by this paper this equstion can be
reduced to the short-form equation, also found in reference 8:

5/7
ar = <1‘°;‘°) AT GA (2}
Hy

ox

e ‘”
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and. in thrust-coeificient form

2.\
dcp  dT/a(x42) (E) ot . "
a(xg2) B pn2DH B Lpn2p2 .

Values of section thrust coefficient were calculated for a few cases by
botn the short-form and long-form egquations and were cormpared and found
to agree within the accuracy of the measurements. Consequently, the
remainder of the section thrust coefficients are calculated by the short-
form eguation. The thrust distribution determined from the slipstream
survey is considered to be accurate to 2.0 percent.

The total thrust coefiicient was determined from integration of the
total-pressure rise in the slipstream in conjunction with free-stream
conditions for both the left and right rakes and then averaging these
two values. Thus, the eguation for the thrust coefficient is the integral
of equation (4) or,

0 5/7
{&)
Cp = Ao/ f MHA(xg2) (5)

/ }1\‘9{‘2]’2

Inasmuch as the total-pressure probes are insensitive to small
changes in.angle, the thrust calculated in this fashion does _not account
for rotation of © slipstream. A correction for slipstream rotation
(& FELT9)-vas made. This corrertionQs a function of sec-
tion power which was determined by measurement of slipstream-stagnation-
tempereture rise as outlined in reference AU This correction averages
aboui $ percent.

Efficiency

Propeller efficiency is the ratio of thrust produced to power
absorbed rmultiplied by the true speed of the airplane:

T
==V 6
n== Ve (6)
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In terms of nondimensional coefficients, equation (6) is expressed as
C
n=-2Lg (7)

The efficiency measurements reported herein are considered to be accurate
to 3 percent.

Blade Angle

Blade angles are indicated by a precision blade-anglie indicator
which was manufactured by the Propeller Division of Curtiss-Wright
Corporation and which consists of a propeller-hub-mounted transmititer
unit geared to the propeller blades through the propeller power gear,
airplane-mounted electronic amplifier, and both a recording and panel-
mounted visuel indicating instrument. The recording instrument was pro-
vided by the NACA. The blade-angle readings may be repeated to within
30.1°. A complete description of this precision blade-angle instrument
is available in reference 10.

The remaining general instrumentation is standard NACA flight-
research instrumentation.

Test Procedure

The normal flight procedure is generally as follows: The airplane
is towed to the end of the runway, clearance is obtained from the tower,
and the J-34 jet engines are started, checked, and afterburners fired
for taske-off. In order to comnserve fuel the afterburners are cut off
and the T-38 turboprop started at an sltitude of 5,000 feet to assist
in the climb.

Level-Tflight Mach numbers up to approximately M = 0.9 can be
obtained by using both the J-34 turbojet engines with afterburners and
the T-38 turboprop engine. Mach numbers up to and slightly above 1.0
can be obtained in pushovers to dives of 309 from 40,000 feet.

Data sre continuously recorded as the pilot accelerates from 0.5 Mach
number up to the maximum test Mach number. The profile of a typical test
shows a level-Tlight acceleration up to M =~ 0.9, followed by a dive to
the maximum Mach number obtainzble.
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RESULTS AND DISCUSSION

Thrust Distributions

Thrust distributions for the entire range of test Mach numbers are
shown in figure 8 and are presented as variations in total pressure with
radial statlons for both left and right survey rskes. These total-pressure
distributions indicate a smooth uniform distribution with no breakdowns
in the outboard regions which are characteristic of subsonic propellers
encountering compressibility losses. This is due to the fact that opera-
tion has already passed into the supercritical region over the entire
propeller. For example, the tip Mach number at a design Mach number
of 0.95 is approximately 1.6. The thrust distributions are presented
to show the behavior of a supersonic propeller through the Mach number
range of test. It is to be noted that the incremental thrust extends
past the propeller tip station (xs2 = 1.0); this extension is due pri-
marily to the expansion of the air mass by the conical fuselage and
spinner.

Shown in figure 9 are the two typicel thrust distributions computed
from the measured total-pressure distributions by use of the short-form
equetion (ea. (4)). These curves again reflect the uniform distribution
of total pressure as measured by the slipstream survey rakes.

The characteristic difference in thrust-distribution levels between
the right and left survey rakes 1s shown in figures € and 9 and is a
result of inclination of the thrust axis. The decrease in difference
between right and left thrust distributions as Mach number increases
(fig. 8) is representative of the decrease in angle of inclination of
the thrust axis, which reflects the usual decrease in angle of attack
of the airplene with increasing Mach number. The difference continues
to decrease until at M = 0.85 the two surveys are nearly coincident;
this agreement indicates near zero angle of inclination of the thrust
axis. At M = 0.90 the survey distributions cross over, that is, the
left distribution is higher then the right and a negetive angle of
inclination of the thrust axis is therefore iIndicated. Further increase
in Mach number to M = 0.95 results in the recrossing of the survey
distributions and agein a positive angle of inclination is indicated.
The veriastion of thrust axis angle indicated by the survey distributions
is in agreement with the measured angle variations in reference 1.

Veriation of Aerodynamic Characteristics

With Mach Nunber

Shown in figure 10 are the variations in propeller efficiency,
power absorbed, advence ratio, and thrust coefficient with forward flight
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Mach number for five different tests at constant propeller rotational
speed of 35,500 rpm. Variastions in ambient temperatures show up as changes
in advance ratio end power coefficient at a given Mach number. The veri-
ation in propeller efficlency with flight Mach number is comparatively
flat, being ebout 80 percent at Mach number 0.70 and dropping off slightly
as the speed is increased to M = 1l.0l. It is interesting to note that
the propeller efficlency at the highest flight Mach number of measure-
ment - that is, Mach number 1.0l - is 78 percent. At the design advance
ratio of 2.2, and Mach number 0.95 the propeller efficiency shows an
average value of 79 percent.

1

Installation Effects

Interference effects of spinners on the operation of propellers is
an important parameter influencing the flow through the plane of the
propeller. An investigation of the flow around a conical spinner was
reported in reference 11. The tests were made with a dummy nonrotating
spinner of the same design as wes used on the XF-88B airplane in the
tests described herein and under similar £light conditions as those of
the present investigation. Reference 11 and unpublished data indicate
a reduction in the flow velocity in the plane of the propeller in the
neighborhood of 15 percent at forward Mach numbers around 0.95. It is
believed that this reduction in air-flow velocity prevents any occur-
rence of shock interference between adjacent blades, although the pro-
peller of this investigation is operating in = region where it would be
expected to come under the influence of shock interference. Figure 11
shows the variation in blade angle, rotational speed, end Mach number
during a typical filight. As can be seen, the value of blade angle minus
the geometric helix angle is feirly uniform and shows no abrupt increase
as might be expected if trailing blade shocks should start destroying
the 1lift on adjacent blades. Point-by-point analysis of every flight,
analyzed in the manner shown in figure 11, indicates no evidence of this
shock interference. Reference 12 presents a discussion of the shock-
interference problem as applied to propellers.

Comparison of Experimental Results With Theoretical
Calculations and Other Data

Figure 12 presents some camparisons of the measured propeller effi-
clencies with theoretical calculations and with unpublished experimental
wind-tunnel data obtained by Cornell Aeronautical Laboratory on a 4-foot-
diameter version of the propeller discussed herein. Figures 12(a) and
12(b) show a comparison at forward Mach numbers of 0.85 and 0.90, respec~
tively, for which data are available from the Cornell ILaboratory. These
deta are plotted as propeller efficiency against advance ratio. Fig-
ure 12(c) presents the flight-measured efficiencies and theoretical

B
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calculations at a Mach number of 0.98. No data are available from the
Cornell Laboratory at this Mach nurber. One set of theoretical calcula-
tions weas made by Aeroproducts, the designers of the blade, and one set
was made by the authors of this report. The calculations made by Aero-
products are outlined in references 13 and 14 in which an efficiency
loss for shock interference was included in the region wherein shock
interference might be expected. The authors' calculations were made by
use of strip theory and 4id not ineclude any loss due to shock interference.
The calculations assumed operation at pesk efficiency. Airfoil section
characteristics for use in the strip calculations were calculated by
Ackeret's second-order theory modified to account for thickness ratio.
The equetions used for calculating these data in the attached shock~flow

region are as follows:

& = ho(1l - 2.5h/b) (8)
M2 - 1
cd_ = Cd’z +- Cd’o + cd.,f (9)
2 Y3
cq = 1 (1 - 2.58/0) 16 (B/b)T | ca,z (10)
\/ME-l > \/M«?-l
2 C,0 * C4,r
(omax /D))" = _cz‘i_ (11)
2
. }56.@.) + 0.005\/M2 -1
(12)

\ =
(caax ./p) 4(1 - 2.5h/b)

where cg r 1s assumed equal to 0.005. From these equations the 1ift

coefficient for meximum L/D as well as the L/D can be calculaeted.
In the region where these equations cannot be applied, data have been
obtalned from the Langley 24-inch high-speed-tunnel experimental results,
some of which nave been published in reference 15. The alteration in
the flow velocilty caused by the conical spinner (ref. 11 and unpublished
data) is also included in the calculations esnd is shown in figure 13.

<.
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This alteration amounted to a reduction in section Mach number which,

of course, is reflected as an increase in lift-drag ratio. This effect
must be small as evidenced by the flatness of the experimental efficiency
variation with Mach number. It was assumed that maxirmum lift-drasg ratio
was attained at the reduced Mach numbers.

It can be seen that there is better agreement between the flight deta
end both sets of theoretical calculations at Mach numbers 0.85 and 0.90
(figs. 12(a) end 12(b)) then at Mach number 0.98 (fig. 12(c)). The flight
data are in closer agreement with the authors' calculstions et Mach num-
ber 0.98 than with the Aeroproducts calculations. One explanation for
this difference is the amount of loss atfributed to shock interference
by Aeroproducts. The amount of this loss according to reference 13 is
on the order of 4 to 5 percent.

The paucity of two-dimensional airfoil data in these regions of
operation suggests that theoretically calculated values of propeller
efficiency should be used with caution. It appesrs, however, from the
fairly good agreement of flight data, wind-tunnel data, and theoretical
calculations that, over the limited operating range of the turbine engine
at high forward speeds, good efficiency is the case throughout. Small
differences iIn power coefficient apparently have l1little effect on effi-
ciency as the blade angle changes only minutely and continues to operate
in a region of pesk lift-drag ratio.

SUMMARY OF RESULTS

Results are presented of a Tlight investigation made with & pro-
peller research vehicle, the McDonnell XF-88B airplane, to determine the
aerodynamic characteristics of a typical supersonic propeller at speeds
up to a flight Mach number of 1.0l. The propeller was designed for a
forward Mach number of 0.95, an advance ratio of 2.2, and a power coef-
Ticient of 0.22. t the design flight Mach number of 0.95, the propeller
efficiency was measured to be T9 percent. + the maximum Mach number
obtained (M = 1.01), the efficiency was 78 percent. Thrust distributions
obtained by the use of a slipstream survey rske were of a uniform nature
and showed no discontinuity typical of subsonic propellers when opersated
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under conditions which produce sonic local conditions. Limited theo-
retical calculations of efficiency indicate good sgreement with the test

results.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., April 25, 195T7.
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APPENDIX A
DESCRIPTION OF TORQUEMETER

The electronic torquemeter used to determine power input to the
propeller gearbox 1ls a modified commerciel unit originally designed for
a 4,000-horsepower turbine engine. A general description of the com-
mercial unit is contained in reference 16. The commercial torguemeter,
elthough adequate for its original design purpose of an operational indi-"
cating instrument, was inadequate as a research tool. It was therefore
necessary to modify extensively the unit to meet the exacting demands
of a research instrument. The description of the modifilied unit is given
herein. A breakdown of the torquemeter is shown in figure 5. The elec-
tronic torquemeter consists of three major units: (1) the drive-shaft
unit, (2) the pickup housing unit, and (3) the electronic emplifier unit.

The drive-shaft unit consists of two concentric shafts, which replace
the standsrd drive-shaft unit. The imner shaft (torque shaft) used to
transmit the torque from the engine to the gearbox twists in proportion
to the torque load. The outer shaft (reference shaft) i1s rigidly attached
to the torque shaft at the engine end and is free at the gearbox end.

The reference shaift rides on sleeve bearings over the torque shaft to
prevent lateral movements between the two shafis. At the geasrbox end of
the drive-shaft unit, two rows of exciter teeth are mounted in tandem,
one row mounted on the reference shaft and one on the drive shaft. The
Ttorque input to the gearbox varies the angular displacement between the
two tandem rows of teeth because of the twist of the torgue shaft. A
calibration of the drive shaft as a function of static torque and angular
displacement was mede prior to the installation in the aircraft.

The magnetic-pickup housing unit, which replaces the standard torque-
shaft housing, is attached rigidly to the engine and gearbox and surrounds
the torque-shaft unit. Mounted in the housing at the gearbox end directly
over the tandem rows of teeth are three magnetic pickups. Two are mounted
over the reference row of teeth (calibration and reference pickups) and
one over the torgue row of teeth (torque pickup). As the teeth pass the
magnetic pickups, the change in the magnetic field is noted as an impulse.

The impulses from the magnetic pickups are passed to the electronic
unit where the impulses are clipped, sharpened, amplified, and passed
through a multivibrator circuit where the relative angular displacement
between impulses is converted to an electriec current. This current is
passed to & recording galvanometer where it is recorded as a moving trace
line on film.
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In order to measure torgue linput to the gearbox, the lmpulses from
re reference pickup over the reference-teeth row end the one torque
pickup over the torque-teeth row are utilized. The impulses from the
calibretion and reference pickups mounied over the reference-teeth row
are used to adjust the torgue oubtput readings for sensitivity changes,
arplifier legs, end magnetic-pickup lags.

The torque-shaft twist angle may be determined from the outpub
readings by the following equation:

e _8.13° (RC - RT Otare + S7_c (a1)

120 12° E 120

and. the torque output may be determined by the equation

g = Ko

Q torgue delivered to propeller shaft
K

torgque-shaft twisting constant determined from static torque
tests (this value veries with operating temperature of torque
ghaft)

6 phase-gngle change between a reference and torque shaft due to
power delivered to propeller shaft

phase angle due to initisl anguler displeacement between ref-
erence and torque-teeth rows and between reference and torque
magnesic pickups (included in this tare is gearbox loed; this
must pe adjusted slightly for powers delivered to propeller
shaft, as explained subsequently)

Stare

RC galvanometer deflection due to reference pickup triggering the
unit "on" and calibration pickup triggering thne unit "off"
(this signal includes amplifier lags and picxup lag between
reference and celibration pickup)

Ry galvancreter deflection due to reference pickup triggering the
. H . N . . LIPS )
unit "on" and torgue pickup triggering the unit "off" (this
signal ircludes amplifier lag and differential lag between

reference and torgue pickups)
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sensitivity of instrument, that is, the gelvanometer deflection
with current "on" only (it is a representation of a 12° phase-
angle difference without lags)

=

op_c phase angle due to differential lags between calibration and
torque magnetic pickups

The value of 8.13° useéd in equation (Al) is the angular displacement
between the reference and calibretion magnetic pickups.

From equstion {(Al) it mey be seen that, by knowing the torque out-
put, as in tests without e propeller, the relatwons contained in the

94. are + sr—. -C
12°
value is known, the torque-shaft twist angle may be solved for under test

conditions through use of equation (Al).

may be solved. Once this

last bracket of the equation

It is of importance here to point out that the relstion used to
determine torgue auvtomatically takes care of the amplifier lags and that
the pickup lags all cencel except the differential lags between the torque
and reference pickups. The amplifier lags in the past have changed in
an unpredictable mammer; pickup lags, however, have not changed appre-
ciably except after an engine change.

Under esctual test conditions, the values of E, RT, and RC =&re
automatically recorded every minute during a test. In addition to these
signals is the signal CR, which is the gslvanometer deflection due to
the calibration pickup triggering the unit "on" and the reference pickup
triggering the unit "off." This signal also includes amplifier lag and
the differential pickup lags between reference and calibration pickup.

It cen be seen that by the addition of RC and CR +the value will be

in error from 12° by twice the amplifier lag difference, with the pickup
leg dropping out. Also, tvhe difference of RC and CR will be in error
from 4.26° by twice the pickup differential lag between R and C pickups,
with the amplifier lags dropping out. This will enable a continuous check
of 211 varisbles in the system except a lsg change in the torque magnetic
pickup (as previously stated, pickup lags heve remained relatively
constant) .

The torgue as determined by the equation Q = K8 i1is actually the
torque delivered to the propeller shaft at zero torque load. In order
to determine the torque input to the propeller, the readings have to be
corrected for gearbox loads which vary with torque load. This correc-
tion is obteined from a factory test on a factory installed dynsmometer.
The load at zero torgue amounts to approximately 15 horsepower for the
3,600 rpm gearbox and 25 horsepower for the 1,700 rpm gearbox. This
load increases linearly by spproximetely 10 horsepower when 2,500 horse-~
power is delivered to the propeller shait. In addition, the opersting
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temperature of the torquemeter housing is measured to determine the
correction to epply for changes in the torsional modulus of elasticity
of the torgue shefi. This change amounts to roughly 0.5-percent change
in torque readings per 30° F chenge in the shaft terperature.
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Figure 1l.- The McDonnell XF-88B propeller research vehicle with test propeller.
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Figure 2.- The T-38 turboprop engine showing the power section and special gearbox.
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Figure .- Instrumentation layout on the McDonnell XF-88B airplane.
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Figure T.- Typical survey rake probe
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